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(54) FABRICATION OF SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent dopant from 
diffusing into an active layer during fabrication of a 
semiconductor light emitting element. 

SOLUTION: A method for fabricating a semiconductor 
light emitting element comprises a step for forming a p- 
type semiconductor layer having single or a plurality of 
layers, a light emitting layer of AIGalnP based 
semiconductor material, and an n-type semiconductor 
layer sequentially on a nondoped GaAs substrate 10 
before forming an n-type GaP thick film layer 1 , and a 
step for removing the nondoped GaAs substrate 1 0. 

Since a transparent substrate semiconductor light 
emitting element is fabricated without using a p-type 
substrate and a thick film layer, p-type dopant is 
prevented from being diffused into an active layer during high temperature processing and 
high internal quantum efficiency is sustained resulting in a high brightness semiconductor light 
emitting element. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of a semi-conductor light emitting device of coming to carry out 
laminating formation of the semi-conductor layer on a substrate The process which carries out the 
laminating of the p type semiconductor layer which consists of a monolayer or two or more layers on a 
non dope mold GaAs substrate. The process which carries out the laminating of the luminous layer 
which consists of a monolayer of the semiconductor material of an AlGalnP system, or two or more 
layers on said p type semiconductor layer, TJre"’manufacture approach of the semi-conductor light 
emitting device characterized by having-the process which carries out the laminating of the semi- 
conductor layer which consists of a monolayer of n mold, or two or more layers on said luminous layer, 
the process which forms an n mold GaP thick-film layer on said n-type-semiconductor layer, and the 
process which removes said non dope mold GaAs substrate. 

[Claim 2] In the manufacture approach of a semi-conductor light emitting device of coming to carry out 
laminating formation of the semi-conductor layer on a substrate The process which carries out the 
laminating of the p type semiconductor layer which consists of a monolayer or two or more layers on an 
n mold GaAs substrate, The process which carries out the laminating of the luminous layer which 
consists of a monolayer of the semiconductor material of an AlGalnP system, or two or more layers on 
said p type semiconductor layer, The manufacture approach of the semi-conductor light emitting device 
characterized by having the process which carries out the laminating of the semi-conductor layer which 
consists of a monolayer of n mold, or two or more layers on said luminous layer, the process which 
forms an n mold GaP thick-film layer on said n-type-semiconductor layer, and the process which 
removes said n mold GaAs substrate. 

[Claim 3] The stroke which forms said n mold GaP thick-film layer is the manufacture approach of the 
semi-conductor light emitting device according to claim 1 or 2 characterized by including the stroke 
which arranges an n mold GaP substrate on said n-type-semiconductor layer, and the stroke whic h joins 
said n mold GaP substrate to said n-type-semiconductor layer top face hv high temperature pro cessing. 
[Claim 4] The stroke which forms said n mold GaP thick-film layer is the manufacture approach of the 
semi-conductor light emitting device according to claim 1 or 2 characterized by including the stroke 
which grows an n mold GaP gr owth phas e epitaxially o n said n-type-semiconductor layer. 

[Claim 5] Said p type semiconductor layer which consists of a monolayer which carries out a laminating 
on said non dope mold or said n mold GaAs substrate, or two or more layers is the manufacture 
approach of the semi-conductor light emitting device according to claim 1 to 4 characterized by 
including a transparent current diffusion layer to the luminescence wavelength of the light from said 
luminous layer at least. 

[Claim 6] Said current diffusion layer is the manufacture approach of the semi-conductor light emitting 
device according to claim 5 characterized by consisting of a monolayer chosen from an AlxGal-xAs 
(0.6< x<0.9) layer, zIn(AlyGal-y)l-zP (0<=y<=l, 0<=z<=I), and a GaP layer, or two or more layers. 
[Claim 7] Said current diffusion layer is the manufacture approach of the semi-conductor light emitting 
device according to claim 6 characterized by forming said AlxGal-xAs (0.6< x<0.9) layer at least on 
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said non dope mold or said n mold GaAs substrate after forming the aforementioned (AlyGal-y) zlnl- 
zP (0<=y<=l, 0<=z<=l) layer or said GaP layer. 

[Translation done ] 
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* NOTICES * 

*JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] Especially this invention relates to the manufacture approach of the semi- 
conductor light emitting device of high brightness about the manufacture approach of a semi-conductor 
light emitting device. 

[ 0002 ] 

[Description of the Prior Art] In recent years, the semi-conductor light emitting device is widely used for 
optical communication, an information-display panel, etc. It is important for these semi-conductor light 
emitting devices that it is high brightness. It is decided by internal quantum efficiency and external 
outgoing radiation effectiveness, the brightness, i .e., the effectiveness, of a semi-conductor light emitting 
device, among these external outgoing radiation effectiveness is greatly influenced by component 
structure. 

[0003] Generally in the semi-conductor light emitting device, using a transparent substrate to 
luminescence wavelength is performed for the purpose of raising external outgoing radiation 
effectiveness. This is because light can be taken out not only from a top face but from four side faces, 
when a transparent substrate is used to luminescence wavelength to the ability to use only the outgoing 
radiation light to the top face of a semi-conductor light emitting device when an opaque substrate is used 
to luminescence wavelength. Moreover, the reflected light in the underside of a semi-conductor li gh t 
emitting device also becomes possible [ carrying out outgoing radiation from a top face and a side face ], 
when a transparent substrate is used to luminescence wavelength. 

[0004] The manufacture approach using a transparent substrate is applied to the red or the infrared semi- 
conductor light emitting device using the semiconductor material of the infrared semi-conductor light 
emitting device and AlGaAs system which used the semiconductor material of an InGaAsP system, the 
yellow semi-conductor light emitting device using the semiconductor material of a GaAsP system, the 
green semi-conductor light emitting device using the semiconductor material of a GaP system, etc. to 
this luminescence wavelength. 

[0005] On the other hand, in the semi-conductor light emitting device of an AlGalnP system, what is 
indicated by JP, 6-296040, A is known as the manufacture approach using a transparent substrate to 
luminescence wavelength. As the manufacture approach of this conventional semi-conductor light 
emitting device is shown in drawing 5 (a) or (b) Two or more semi-conductor layers 55 which contain a 
luminous layer 53 on the opaque GaAs substrate 51 to luminescence wavelength are grown epitaxially. 
Wafer junction of the GaAs substrate 5 1 and the GaP substrate 58 which carried out epitaxial growth 
formation of two or more semi-conductor layers 55 which contain a luminous layer 53 on the top face by 
besides performing an arrangement postheat treatment for the transparent GaP substrate 58 to 
luminescence wavelength is carried out. Furthermore, the opaque GaAs substrate 51 is removed to 
luminescence wavelength, and a semi-conductor light emitting device is obtained. 

[0006] Moreover, what is indicated by JP,6-302857,A is known as other manufacture approaches in the 
semi-conductor light emitting device of an AlGalnP system. The manufacture approach of the other 
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conventional semi-conductor light emitting devices As shown in drawing 6 (a) thru/or (c), two or more 
semi-conductor layers 65 which contain a luminous layer 63 on the opaque GaAs substrate 61 to 
luminescence wavelength are grown epitaxially. Several 10 micrometers grows the GaP current 
diffusion layer 66 after that, wafer junction of the GaP substrate 68 is carried out by performing an 
arrangement postheat treatment in the field which removed and removed the opaque GaAs substrate 61 
to luminescence wavelength, and a semi-conductor light emitting device is obtained. In this case, the 
GaP current diffusion layer 66 which grows on a luminous layer is balance with the mechanical strength 
of the epitaxial growth phase 67 after removing growth time amount and the GaAs substrate 61, and, 
generally is about 50-100 micrometers. This is because growth time amount becomes it long that they 
are a crack and 100 micrometers or more which becomes empty and the cost of a semi-conductor light 
emitting device becomes high, when dealing with the epitaxial growth phase 67 after removing the 
GaAs substrate 61 as it is 50 micrometers or less. 

[0007] 

[Problem(s) to be Solved by the Invention] There was a trouble [ as / as is shown below ] in the 
manufacture approach of the above-mentioned conventional semi-conductor light emitting device. 

[0008] (1) Grow a luminous layer epitaxially on an opaque GaAs substrate to luminescence wavelength. 
Wafer junction of the GaAs substrate and GaP substrate which formed the epitaxial growth phase in the 
top face by besides performing an arrangement postheat treatment for a transparent GaP substrate to 
luminescence wavelength is carried out. Furthermore, in the case of the manufacture approach of 
removing an opaque GaAs substrate to luminescence wavelength, it is necessary to use either as p mold 
substrate among transparent GaP substrates to an opaque GaAs substrate and luminescence wavelength 
to luminescence wavelength. 

[0009] However, p mold substrate had to dope p mold dopants (for example, Zn, Mg, etc.) about 
[ 1x1019cm - ] three in order to usually make resistivity low, and since the diffusion coefficient of p 
mold dopant was large, the dopant was spread in the luminous layer at the time of epitaxial growth or 
high temperature processing of wafer junction, the decline in internal quantum efficiency arose, and it 
had the trouble that the brightness of a semi-conductor light emitting device fell. 

[0010] (2) Grow a luminous layer epitaxially on an opaque GaAs substrate to luminescence wavelength. 
Several 10 micrometers grows a GaP current diffusion layer after that, and an opaque GaAs substrate is 
removed to luminescence wavelength. By the manufacture approach of carrying out wafer junction by 
performing an arrangement postheat treatment, a GaP substrate to the removed field Several 10- 
micrometer quite thin substrate needed to be dealt with, and there was a trouble that the yield fell, by the 
wafer crack at the time of mass production after removing a GaAs substrate until it joined the GaP 
substrate. 

[001 1] (3) moreover, the trouble of the above (2) — in addition, since several 10-micrometer GaP current 
diffusion layer was p mold when n mold was used for a GaAs substrate, the total amount of a dopant 
increased more than the case where a several micrometers current diffusion layer is formed, and the 
dopant had the trouble of becoming easy to be spread, to the luminous layer as a result. 

[0012] (4) On the other hand, since there are many amounts of dopants of a p mold GaAs substrate 
compared with an n mold GaAs substrate when p mold is used for a GaAs substrate in addition to the 
trouble of the above (2), dopant diffusion increases further. Consequently, the decline in luminous 
efficiency arose and the trouble of becoming small had the effectiveness which transposes an optical 
absorption substrate to a transparence substrate. 

[0013] Luminescence from a barrier layer is added to the top face of a chip, and the object of this 
invention can be taken out also from a side face, and is to provide controlling diffusion of the dopant to 
a barrier layer with the semi-conductor light emitting device of ** and high brightness. 

[0014] 

[Means for Solving the Problem] This invention was made in view of the above-mentioned trouble, and 
the semi-conductor light emitting device of invention concerning claim 1 in the manufacture approach of 
a semi-conductor light emitting device In the manufacture approach of a semi-conductor light emitting 
device of coming to carry out laminating formation of the semi-conductor layer on a substrate The 
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process which carries out the laminating of the p type semiconductor layer which consists of a 
monolayer or two or more layers on a non dope mold GaAs substrate, The process which carries out the 
laminating of the luminous layer which consists of a monolayer of the semiconductor material of an 
AlGalnP system, or two or more layers on a p type semiconductor layer, It is characterized by having 
the process which carries out the laminating of the semi-conductor layer which consists of a monolayer 
of n mold, or two or more layers on a luminous layer, the process which forms an n mold GaP thick-film 
layer on a n-type-semiconductor layer, and the process which removes a non dope mold GaAs substrate. 
[0015] According to the above-mentioned configuration, since p mold substrate is not used, it becomes 
possible to control the diffusion to the barrier layer of p mold dopant at the time of high temperature 
processing, to maintain high internal quantum efficiency, and to obtain the semi-conductor light emitting 
device of high brightness. 

[0016] Moreover, the semi-conductor light emitting device of invention concerning claim 2 In the 
manufacture approach of a semi-conductor light emitting device of coming to carry out laminating 
formation of the semi-conductor layer on a substrate The process which carries out the laminating of the 
p type semiconductor layer which consists of a monolayer or two or more layers on an n mold GaAs 
substrate, The process which carries out the laminating of the luminous layer which consists of a 
monolayer of the semiconductor material of an AlGalnP system, or two or more layers on a p type 
semiconductor layer. It is characterized by having the process which carries out the laminating of the 
semi-conductor layer which consists of a monolayer of n mold, or two or more layers on a luminous 
layer, the process which forms an n mold GaP thick-film layer on a n-type-semiconductor layer, and the 
process which removes an n mold GaAs substrate. 

[0017] According to the above-mentioned configuration, since p mold substrate is not used, it becomes 
possible to control the diffusion to the barrier layer of p mold dopant at the time of high temperature 
processing, to maintain high internal quantum efficiency, and to obtain the semi-conductor light emitting 
device of high brightness. Furthermore, since diffusion of p mold dopant to the GaAs substrate from the 
p type semiconductor layer which grows epitaxially on an n mold GaAs substrate since a GaAs substrate 
is n mold is controlled, the ohmic contact of p mold electrode is easy to be obtained, and since the 
resistivity of a p type semiconductor layer is also maintained low, it becomes possible to obtain a semi- 
conductor light emitting device with more low operating voltage. 

[0018] Moreover, invention concerning claim 3 is characterized by the stroke which forms an n mold 
GaP thick-film layer including the stroke which arranges an n mold GaP substrate on a n-type- 
semiconductor layer, and the stroke which joins an n mold GaP substrate to a n-type-semiconductor 
layer top face by high temperature processing in the manufacture approach of claim 1 or the semi- 
conductor light emitting device concerning 2. 

[0019] According to the above-mentioned configuration, since junction formation of the n mold GaP 
substrate is earned out by high temperature processing on the n-type-semiconductor layer top face, an n 
mold GaP substrate thick enough can be produced easily, and it becomes possible to prevent lowering of 
the processing yield by the wafer crack. 

[0020] Moreover, invention concerning claim 4 is characterized by the stroke which forms an n mold 
GaP thick-film layer including the stroke which grows an n mold GaP growth phase epitaxially on a n- 
type-semiconductor layer in the manufacture approach of claim 1 or the semi-conductor light emitting 
device concerning 2. 

[0021] Since according to the above-mentioned configuration the n mold GaP thick-film layer is formed 
with epitaxial growth on a n-type-semiconductor layer and a production process can be simplified 
compared with claim 3, it becomes possible to manufacture a semi-conductor light emitting device more 
efficiently. 

[0022] Moreover, claim 5 or invention concerning 6 is set to the manufacture approach of claim 1 
thru/or the semi-conductor light emitting device concerning 4. The p type semiconductor layer which 
consists of a monolayer which carries out a laminating on a non dope mold or an n mold GaAs substrate, 
or two or more layers It is characterized by including a transparent current diffusion layer to the 
luminescence wavelength of the light from a luminous layer at least. Furthermore, it is characterized by 
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a current diffusion layer consisting of a monolayer chosen from an AlxGal-xAs (0.6< x<0.9) layer, zln 
(AlyGal-y)l-zP (0<=y<=l, 0<=z<=l), and a GaP layer, or two or more layers. 

[0023] According to the above-mentioned configuration, since it has the transparent current diffusion 
layer to the luminescence wavelength of the light from said luminous layer, it becomes possible to 
decrease the light which it becomes easy to diffuse the current from p mold electrode, and is absorbed 
by p mold electrode. Furthermore, it enables zIn(AlyGal-y)l-zP (0<=y<=l, 0<=z<=l) and a GaP layer 
to improve moisture resistance, since there are few aluminum contents compared with an AlxGal-xAs 
(0.6< x<0.9) layer. 

[0024] Moreover, invention concerning claim 7 is characterized by forming an AlxGal-xAs (0.6< 
x<0.9) layer at least (AlyGal-y), on a non dope mold or an n mold GaAs substrate, after forming a zlnl- 
zP (0<=y<=l, 0<=z<=l) layer or a GaP layer in the manufacture approach of the semi-conductor light 
emitting device concerning claim 6. 

[0025] According to the above-mentioned configuration, on a barrier layer, since the outside is further 
equipped with the zlnl-zP (0<=y<=l, 0<=z<=l) layer or the GaP layer at least (AlyGal-y), it becomes 
possible an AlxGal-xAs (0.6< x<0.9) layer and to improve moisture resistance compared with the case 
of an AlxGal-xAs (0.6< x<0.9) layer monolayer. 

[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0027] (Gestalt of the 1st operation) Drawing 1 (a) thru/or (c) are drawings showing the semi-conductor 
light emitting device formed in the gestalt of operation of the 1st of this invention, and drawing 1 (a) is 
[ a plan and drawing 1 (c) of a side elevation and drawing 1 (b) ] bottom views. 

[0028] The structure of the semi-conductor light emitting device 100 formed in the gestalt of the 1st 
operation For example, on the n mold GaP substrate 1 The n mold GaP cap layer 2, n mold 0.77In0.23P 
interlayer 3, (aluminum0.2Ga0.8) The laminating of the n mold aluminumO.5InO.5P cladding layer 4, p 
mold Ga0.5In0.5P barrier layer 5, the p mold aluminum0.5In0.5P cladding layer 6, and two or more 
semi-conductor layers of p mold aluminumO.68GaO.32As current diffusion layer 7 grade is carried out 
one by one. And p mold electrode 8 of the circle configuration which consists of AuZn/Mo/Au, and four 
n mold electrodes 9 of a circle configuration which consist of AuSi(s) are formed in the vertical side of 
the semi-conductor light emitting device 100. 

[0029] Next, the manufacture approach of the semi-conductor light emitting device in the gestalt of the 
1st operation is explained to a detail. 

[0030] Drawing 2 (a) thru/or (c) are process drawings showing the manufacture approach of a semi- 
conductor light emitting device of having used the gestalt of operation of the 1st of this invention. 

[0031] As shown in drawing 2 (a), on the non dope mold GaAs substrate 10 The p mold GaAs buffer 
layer 11(1 micrometer). The p mold aluminumO.68GaO.32As current diffusion layer 7 (5 micrometers), 
the p mold aluminum0.5In0.5P cladding layer 6 (1 micrometer), p mold GaO.5InO.5P barrier layer 5 (0.5 
micrometers), the n mold aluminumO.5InO.5P cladding layer 4 (1 micrometer), Sequential growth of n 
mold (aluminum0.2Ga0.8) 0.77In0.23P interlayer 3 (0.15 micrometers), the n mold GaP cap layer 2 (1 
micrometer), etc. is earned out for example, by the organic metal chemical-vapor-deposition method 
(MOCVD law). Moreover, as a p mold dopant, Zn, Mg, etc. are used, for example. In addition, as the 
growth approach, various approaches, such as molecular beam epitaxy (MBE law) and organic metal 
molecular beam epitaxy (MOMBE law), are available in addition to the above. Moreover, the current 
diffusion layer is selectable to arbitration out of an AlxGal-xAs (0.6< x<0.9) layer, zln(AlyGal-y)i-zP 
(0<=y<=l, 0<=z<=l), and a GaP layer, and may be formed by the monolayer, or may be formed in the 
combination of two or more layers. 

[0032] Next, the sulfuric acid as shown in drawing 2 (b), after carrying out the polish of the front face of 
the non dope mold GaAs substrate 10: Process by the etchant of a hydrogen-peroxide system. Moreover, 
the n mold GaP substrate 1 is similarly processed by sulfuric-acid: hydrogen-peroxide system etchant. 
After fully pure-water-washing and drying each substrate, front faces are stuck and it processes in 1- 
hour hydrogen at 800 degrees C. By carrying out like this, the n mold GaP substrate 1 is joined to the n 
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mold GaP cap layer 2 on the non dope mold GaAs substrate 10. 

[0033] Furthermore, as shown in drawing 2 (c), etching clearance of the non dope mold GaAs substrate 
10 and the p mold GaAs buffer layer 1 1 is carried out by ammonia:hydrogen-peroxide system etchant. 
The ratio of the ammonia/hydrogen peroxide at this time chooses as arbitration the ratio which both the 
non dope mold GaAs substrate 10 and the p mold GaAs buffer layer 1 1 can etch selectively to the 
aluminumO.68GaO.32As current diffusion layer 7. A sulfuric acid removes the oxide film of 
aluminumO.68GaO.32As current diffusion layer 7 front face after that. 

[0034] Finally, thickness of the n mold GaP substrate 1 is made into predetermined thickness, p mold 
electrode (lOOmicrometerphi: not shown) of a circle configuration is formed by AuZn/Mo/Au on the p 
mold aluminumO.68GaO.32As current diffusion layer 7, four n mold electrodes (50micrometerphi: not 
shown) of a circle configuration are formed by AuSi on the n mold GaP substrate 1, and a semi- 
conductor light emitting device is obtained. 

[0035] Thus, the thing whose external quantum efficiency in the bare-chip (bare chip) at the time of 
using an opaque substrate to luminescence wavelength was about 3 - 4 % the obtained semi-conductor 
light emitting device In the semi-conductor light emitting device using the gestalt of the 1st operation, 
since the light which goes in the direction of an n mold GaP substrate, the light by which total reflection 
was earned out on the chip front face were taken out, the external quantum efficiency in a bare-chip 
improved 7 - 8 %, and twice [ about ]. 

[0036] Moreover, although the external quantum efficiency of a semi-conductor light emitting device 
when a GaAs substrate and a GaP substrate manufacture using both the substrates of p mold falls rather 
than the thing of structure which used 1 - 2%, and an optical absorption substrate With the gestalt of 
operation of **** 1, since the non dope mold GaAs substrate 10 and the n mold GaP substrate 1 are 
used The decline in the luminous efficiency by the diffusion to the luminous layer of p mold dopant hot 
[ at the time of the epitaxial growth of two or more semi-conductor layers and junction of the n mold 
GaP cap layer 2 on die non dope mold GaAs substrate 10 and the n mold GaP substrate 1 ] is suppressed 
by the minimum, and external quantum efficiency improves. Therefore, it understands it that the 
effectiveness which controls diffusion of a dopant is large enough to use the non dope mold GaAs 
substrate 10 and the n mold GaP substrate 1. 

[0037] Moreover, according to the manufacture approach of the above-mentioned semi-conductor light 
emitting device, cost lowering of the semi-conductor light emitting device manufactured to the p mold 
GaP substrates of 2 inch phi being the prices of tens of thousands of yen/sheet since the n mold GaP 
substrate 1 was reasonable in thousands of yen/[ a sheet and ] is also realizable. 

[0038] (Gestalt of the 2nd operation) Drawing 3 (a) thru/or (c) are drawings showing the semi-conductor 
light emitting device formed in the gestalt of operation of the 2nd of this invention, and drawing 3 (a) is 
[ a plan and drawing 3 (c) of a side elevation and drawing 3 (b) ] bottom views. 

[0039] The structure of the semi-conductor light emitting device 200 formed in the gestalt of the 2nd 
operation For example, on the n mold GaP growth phase 3 1 The n mold GaP cap layer 32, n mold 
0.77In0.23P interlayer 33, (aluminum0.2Ga0.8) The n mold aluminum0.5In0.5P cladding layer 34, p 
mold (aluminum0.3Ga0.7) The laminating of 0.5In0.5P barrier layer 35, the p mold aluminumO.5InO.5P 
cladding layer 36, the p mold aluminumO.7GaO.3As current diffusion layer 37, and two or more semi- 
conductor layers of p mold (aluminum0.5Ga0.5) 0.5In0.5P protective layer 38 grade is carried out one 
by one. And p mold electrode 39 of the circle configuration which consists of AuBe/Mo/Au, and four n 
mold electrodes 40 of a circle configuration which consist of AuSi(s) are formed in the vertical side of 
the semi-conductor light emitting device 200. 

[0040] Next, the manufacture approach of the semi-conductor light emitting device in the gestalt of the 
2nd operation is explained to a detail. 

[0041] Drawing 4 (a) thru/or (c) are process drawings showing the manufacture approach of a semi- 
conductor light emitting device of having used the gestalt of operation of the 2nd of this invention. 

[0042] As shown in dr awing 4 (a), on the n mold GaAs substrate 41 The p mold GaAs buffer layer 42 (1 
micrometer), p mold (aluminum0.5Ga0.5) 0.5In0.5P protective layer 38 (0.1 micrometers), The p mold 
aluminum0.7Ga0.3As current diffusion layer 37 (5 micrometers), the p mold aluminumO.5inO.5P 
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cladding layer 36 (1 micrometer), p mold (aluminum0.3Ga0.7) 0.5In0.5P barrier layer 35 (0.5 
micrometers). Sequential growth of the n mold aluminumO.5InO.5P cladding layer 34 (1 micrometer), n 
mold (aluminum0.2Ga0.8) 0.77In0.23P interlayer 33 (0.15 micrometers), the n mold GaP cap layer 32 
(1 micrometer), etc. is carried out for example, by the organic metal chemical-vapor-deposition method 
(MOCVD law). Moreover, as a p mold dopant, Zn, Mg, etc. are used, for example. In addition, as the 
growth approach, various approaches, such as molecular beam epitaxy (MBE law) and organic metal 
molecular beam epitaxy (MOMBE law), are available in addition to the above. Moreover, the protective 
layer is selectable to arbitration, and may form an ingredient with few aluminum contents than the 
current diffusion layer out of zIn(AlyGal-y)l-zP (0<=y<=l, 0<=z<=l), a GaP layer, etc. by the 
monolayer, or may form it in the combination of two or more layers. 

[0043] Next, as shown in drawing 4 (b), epitaxial growth of the n mold GaP growth phase 3 1 is carried 
out to the thickness of 100-150 micrometers by liquid phase epitaxy (LPE law). In addition, as the 
growth approach, various approaches, such as a vapor-phase-epitaxial-growth method (VPE law) and an 
organic metal chemical-vapor-deposition method (MOCVD law), are available in addition to the above. 
[0044] Furthermore, as shown in drawing 4 (c), the n mold GaAs substrate 41 and the p mold GaAs 
buffer layer 42 are etched by ammonia: hydrogen-peroxide system etchant. The ratio of the 
ammonia/hydrogen peroxide at this time chooses as arbitration the ratio which the n mold GaAs 
substrate 41 and the p mold GaAs buffer layer 42 can etch selectively to p mold (aluminum0.5Ga0.5) 
0.5In0.5P protective layer 38. 

[0045] Finally, p mold electrode (lOOmicrometerphi: not shown) of a circle configuration is formed by 
AuBe/Mo/Au on p mold (aluminum0.5Ga0.5) 0.5In0.5P protective layer 38, four n mold electrodes 
(50micrometerphi: not shown) of the circle configuration of 50 micrometerphi are formed by AuSi on 
the n mold GaP growth phase 3 1, and a semi-conductor light emitting device is obtained. 

[0046] Thus, since the obtained semi-conductor light emitting device took out the light from which that 
whose external quantum efficiency in the bare-chip at the time of using an opaque substrate to 
luminescence wavelength was about 1 - 1.5% goes in the n mold GaP growth phase 3 1 direction in the 
semi-conductor light emitting device using the gestalt of the 2nd operation, the light by which total 
reflection was carried out on the chip front face, its external quantum efficiency in a bare-chip improved 
2 - 3%, and twice [ about ]. 

[0047] Moreover, since the n mold GaAs substrate 41 is used unlike the case of the gestalt of the 1st 
operation and diffusion of p mold dopant to the inside of the n mold GaAs substrate 41 from the p mold 
GaAs buffer layer 42 hot [ at the time of epitaxial growth ], p mold (aluminum0.5Ga0.5) 0.5In0.5P 
protective layer 38, and the p mold aluminumO.7GaO.3As current diffusion layer 37 is controlled, 
resistivity is maintained low. Therefore, since the acceptor concentration of the front face of p mold 
(aluminum0.5Ga0.5) 0.5In0.5P protective layer 38 which forms p mold electrode can be kept high and 
ohmic contact is obtained easily, compared with the former, lowering of the operating voltage of 0.05- 
0. 1 V is realizable. Furthermore, since the polish process on the front face of a wafer is unnecessary, 
simplification of a process is possible. 

[0048] Moreover, to the GaAs substrates of the non dope mold of 2 inch phi being the prices of 10,000 - 
20,000 yen/sheet, the GaAs substrate 41 of n mold is thousands of yen/sheet, and even if compared with 
the gestalt of the 1st operation, cost lowering of the further semi-conductor light emitting device is 

realizable according to the manufacture approach of the above-mentioned semi-conductor light emitting 
device. 

[0049] Moreover, although aluminum mixed-crystal ratio of the p mold aluminum0.7Ga0.3As current 
diffusion layer 37 is highly set about to 0.70 with the gestalt of operation of**** 2 in order to lessen the 
absorption of light more, the front face can be equipped with p mold (aluminum0.5Ga0.5) 0.5In0.5P 
protective layer 38 for anti oxidizing of this layer. Since there are few contents of aluminum than the p 
mold aluminum0.7Ga0.3As current diffusion layer 37, this p mold (aluminum0.5Ga0.5) 0.5In0.5P 
protective layer 38 has the description that the moisture resistance of a semi-conductor light emitting 
device improves. Although there were some which deteriorated to 70% of initial luminous intensity in 
1000 hours with structure without p mold (aluminum0.5Ga0.5) 0.5In0.5P protective layer 38 by the 



httD://www4.iDdl.ncini.eo.iD/cei-bin/tran web cei eiie 



2/17/05 




Pag eCj 



elevated temperature and the energization trial (50mA) under highly humid (85 degrees C, 90%) On 
these conditions, what has large degradation is to 90% of initial luminous intensity, and, as for the semi- 
conductor light emitting device of this example, it is shown, as for luminous-intensity degradation in 
1000 hours that p mold (aluminum0.5Ga0.5) 0.5In0.5P protective layer 38 is functioning effectively. 
[0050] 

[Effect of the Invention] The process which carries out the laminating of the p type semiconductor layer 
which consists of a monolayer or two or more layers on a non dope mold or an n mold GaAs substrate 
according to this invention. The process which carries out the laminating of the luminous layer which 
consists of a monolayer of the semiconductor material of an AlGalnP system, or two or more layers on a 
p type semiconductor layer, The process which carries out the laminating of the semi-conductor layer 
which consists of a monolayer of n mold, or two or more layers on a luminous layer, Since the 
transparence substrate mold semi-conductor light emitting device is produced without having the 
process which forms an n mold GaP thick-film layer, and the process which removes a non dope mold 
or an n mold GaAs substrate, and using p mold substrate and a thick-film layer on a n-type- 
semiconductor layer It becomes possible to control the diffusion to the barrier layer of p mold dopant at 
the time of high temperature processing, to maintain high internal quantum efficiency, and to obtain the 
semi-conductor light emitting device of high brightness. Furthermore, since diffusion of p mold dopant 
to the GaAs substrate from the p type semiconductor layer which grows epitaxially on an n mold GaAs 
substrate is controlled when a GaAs substrate is n mold, the ohmic contact of p mold electrode is easy to 
be obtained, and since the resistivity of a p type semiconductor layer is also maintained low, it becomes 
possible to obtain a semi-conductor light emitting device with more low operating voltage. 

[0051] Therefore, although the external quantum efficiency of a semi-conductor light emitting device 
when a GaAs substrate and a GaP substrate manufacture using both p mold substrates falls rather than 
the thing of structure which used the optical absorption substrate When using a non dope mold GaAs 
substrate and an n mold GaP substrate The decline in the luminous efficiency by the diffusion to the 
luminous layer of p mold dopant hot [ at the time of the epitaxial growth of two or more semi-conductor 
layers and junction of the n mold GaP cap layer on a GaAs substrate and an n mold GaP substrate ] is 
suppressed by the minimum, and external quantum efficiency improves. Therefore, the effectiveness 
which controls the diffusion of a dopant in the case of using a non dope mold GaAs substrate and an n 
mold GaP substrate is large enough. Moreover, since diffusion of p mold dopant from a p type 
semiconductor layer hot [ at the time of epitaxial growth ] to the inside of an n mold GaAs substrate is 
controlled when using an n mold GaAs substrate, resistivity is maintained low. Therefore, since the 
acceptor concentration of the p type semiconductor layer front face of the part which forms p mold 
electrode can be kept high and ohmic contact is obtained easily, compared with the former, lowering of 
operating voltage is realizable. 

[0052] Moreover, the stroke to which the stroke which forms an n mold GaP thick-film layer arranges an 
n mold GaP substrate on a n -type-semiconductor layer, Since it has the stroke which joins an n mold 
GaP substrate to a n-type-semiconductor layer top face by high temperature processing and junction 
formation of the n mold GaP substrate is carried out by high temperature processing on the n-type- 
semiconductor layer top face An n mold GaP substrate thick enough can be produced easily, and it 
becomes possible to prevent lowering of the processing yield by the wafer crack. 

[0053] Therefore, since an n mold GaP substrate with a cheap price can be used compared with the case 
where junction formation of the conventional p mold GaP substrate is carried out, in accordance with 
improvement in a product yield, a manufacturing cost can decrease substantially. 

[0054] Moreover, since a production process can be further simplified compared with the approach of 
adjusting a semi-conductor substrate since the n mold GaP thick-film layer is formed with epitaxial 
growth on a n-type-semiconductor layer, it becomes possible to manufacture a semi-conductor light 
emitting device more efficiently. 

[0055] A manufacturing cost can decrease substantially — follow, for example, use neither the 
abbreviation of the polish process on the front face of a wafer, nor an n mold GaP substrate, but it uses 
only the GaAs substrate of n mold with a cheap price. 
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[0056] Moreover, the p type semiconductor layer which consists of a monolayer which carries out a 
laminating on a non dope mold or an n mold GaAs substrate, or two or more layers It has a transparent 
current diffusion layer to the luminescence wavelength of the light from a luminous layer at least. 
Furthermore, since the current diffusion layer is formed of the monolayer chosen from an AlxGal-xAs 
(0.6<x<0.9) layer, zIn(AlyGal-y)l-zP (0<=y<=l, 0<=z<=l), and a GaP layer, or two or more layers It 
becomes possible to decrease the light which it becomes easy to diffuse the current from p mold 
electrode, and is absorbed by p mold electrode. 

[0057] Therefore, since a current can be poured into the whole luminous layer, the external outgoing 
radiation effectiveness of the light from a luminous layer improves. Furthermore, it enables zIn(AlyGal- 
y)l-zP (0<=y<=l, 0<=z<=l) and a GaP layer to improve moisture resistance, since there are few 
aluminum contents compared with an AlxGal-xAs (0.6< x<0.9) layer. 

[0058] Moreover, since the AlxGal-xAs (0.6< x<0.9) layer is formed at least (AlyGal-y) on a non dope 
mold or an n mold GaAs substrate after forming a zlnl-zP (0<=y<=l, 0<=z<=l) layer or a GaP layer, it 
becomes possible to improve moisture resistance. 

[0059] Therefore, luminous-intensity degradation of an elevated temperature and the semi-conductor 
light emitting device under highly humid becomes small, and dependability improves. 



[Translation done] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 




DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] (a) Or (c) is the side elevation, plan, and bottom view of the semi-conductor light emitting 
device formed in the gestalt of operation of the 1st of this invention. 

{Drawing 2] (a) Or (c) is process drawing showing the manufacture approach of the semi-conductor 
light emitting device by the gestalt of operation of the 1st of this invention. 

[Drawing 3] (a) Or (c) is the side elevation, plan, and bottom view of the semi-conductor light emitting 
device formed in the gestalt of operation of the 2nd of this invention. 

[ Drawing 4] (a) Or (c) is process drawing showing the manufacture approach of the semi-conductor 
light emitting device by the gestalt of operation of the 2nd of this invention. 

[Drawing 5] (a) Or (b) is process drawing showing the manufacture approach of the semi-conductor 
light emitting device by the conventional example. 

[Drawing 6] (a) Or (c) is process drawing showing the manufacture approach of the semi-conductor 
light emitting device by other conventional examples. 

[Description of Notations] 

1 N Mold GaP Substrate 

2 32 n mold GaP cap layer 

3 33 n mold (aluminum0.2Ga0.8) 0.77In0.23P interlayer 

4 34 n mold aluminumO.5InO.5P cladding layer 

5 P Mold Ga0.5In0.5P Barrier Layer 

6 36 p mold aluminum0.5In0.5P cladding layer 

7 P Mold AluminumO.68GaO.32As Current Diffusion Layer 

10 Non Dope Mold GaAs Substrate 

1 1 42 p mold GaAs buffer layer 
3 1 N Mold GaP Growth Phase 

35 P Mold (Aluminum0.3Ga0.7) 0.5In0.5P Barrier Layer 

37 P Mold Aluminum0.7Ga0.3As Current Diffusion Layer 

38 P Mold (Aluminum0.5Ga0.5) 0.5In0.5P Protective Layer 
41 N Mold GaAs Substrate 

100,200 Semi-conductor light emitting device 



[Translation done ] 
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